Background: The Institute for Safe Medication Practices has recommended against routine use of insulin pen devices for inpatients, but the quality of inpatient glycemic control that is achieved with insulin pens versus insulin vials and syringes has not been compared. Objective: To evaluate the quality of glycemic control achieved with insulin vials versus insulin pens in type 2 diabetic general medicine patients. Methods: This retrospective cohort study compared glycemic control between 2 groups of patients on rapid-acting insulin protocols: those receiving insulin via patient-specific pen devices and those receiving insulin from patient-specific vials. Patients on a prespecified subacute care floor with a diagnosis of type 2 diabetes and at least 24 hours of glucose monitoring while on an insulin protocol with insulin lispro were included. Glycemic control was compared by area under the curve (AUC) estimations of average overall glucose and average glucose above, below, and within goal range (70-180 mg/dL). Percentages of time above, below, and within goal range were also compared. Results: The mean ± SD AUC-estimated average glucose for pens was 160 ± 39 mg/dL compared to 158 ± 45 mg/dL for vials (P = .752). The mean ± SD percentage time within goal range was 68.2% ± 28.1% in the pen group versus 69.4% ± 31.8% percent in the vial group (P = .825). No statistically significant differences were detected between those receiving pens or vials for any outcome before and after adjusting for baseline differences and significant covariates. Conclusion: Glycemic control did not differ based on insulin delivery system.
H yperglycemia in hospitalized patients outside the intensive care unit (ICU) has been associated with increased hospital length of stay, infection, disability, and death. [1] [2] [3] [4] [5] [6] Similarly, inpatient hypoglycemia has been associated with poor outcomes. 7, 8 Though the ideal blood glucose targets remain a subject of debate, the most recent consensus guidelines for the inpatient management of hyperglycemia in the non-critical care setting recommend a premeal target of less than 140 mg/dL and random blood glucose targets less than 180 mg/dL for most patients. 9, 10 Subcutaneous insulin is the recommended medication used to achieve inpatient glycemic control.
Debate exists over the safest, most effective method of administering insulin to achieve inpatient glycemic control. Insulin pen devices can harbor biological materials in the pen cartridge, which may lead to bloodborne pathogen transmission if pens are inadvertently used on multiple patients, even if a Insulin Vials Versus Insulin Pens different needle is used. [11] [12] [13] Consequently, the Institute for Safe Medication Practices (ISMP) has called on hospitals to discontinue routine use of insulin pens for inpatient insulin administration. 14 In accordance with ISMP recommendations, our institution transitioned from insulin administration via patient-specific insulin lispro pen devices (Humalog KwikPens, Lilly, USA, LLC, Indianapolis, IN) to patient-specific insulin lispro 3-mL vials (Humalog 3mL vial; Lilly USA, LLC, Indianapolis, IN). Concern regarding efficacy of insulin administered via vials and syringes compared to pens prompted this study evaluating the quality of glycemic control achieved with insulin vials versus insulin pens in type 2 diabetic general medicine patients. The study also identified patient-specific factors that may influence glycemic control.
METHODS
This retrospective cohort study was performed at an academic tertiary care medical center. The medical center's institutional review board approved the study protocol. The internal medicine service, consisting of 8 medicine teams, managed the care of all patients using a standardized insulin lispro protocol. This protocol specifies a target average glucose value between 80 and 120 mg/dL with a goal of avoiding values exceeding 180 mg/dL or below 70 mg/dL. The protocol allows for selection between eating or nothing by mouth (NPO) status. The eating protocol includes 3 customizable components of insulin therapy: mealtime insulin lispro, correctional (sliding scale) insulin lispro, and basal insulin glargine. Providers may select from a low-, moderate-, or high-dose protocol, or they may enter a custom dose. Under the eating protocol, capillary blood glucose (CBG) is checked before each meal and at bedtime. The NPO protocol includes correctional insulin lispro with or without basal insulin glargine and specifies CBG testing every 4 hours.
Patients were selected from a prespecified hospital subacute care unit with stays during the same 4-month period in 2 consecutive years (pens: September 2012 through December 2012; vials: September 2013 through December 2013). Transition from pens to vials occurred on July 30, 2013; a 1-month period lapsed between the hospital's transition from pens to vials before vial group patients were eligible for inclusion. Eligible patients were at least 18 years old, diagnosed with type 2 diabetes mellitus during or before admission, and on one of the previously described insulin lispro protocols. Patients were excluded if they were admitted for acute diabetic ketoacidosis, hyperosmolar hyperglycemic nonketotic syndrome, or hypoglycemia. Patients with type 1 diabetes or who had received octreotide, non-insulin antihyperglycemics, or greater than 24 hours of systemic steroids during admission were also excluded. Patients were ineligible if they refused greater than 15% of insulin doses, were transferred to the study unit from another inpatient unit, or received less than 24 hours of CBG monitoring.
Demographics, such as age, gender, ethnicity, and body mass index (BMI) upon admission, were collected for each patient. Potential confounding variables were documented, including enteral or parenteral nutrition, eating or NPO insulin protocol, home insulin use, admission blood glucose, most recent hemoglobin A1C within previous year, medicine team, history of liver disease or chronic pancreatitis, current acute pancreatitis, percent of insulin doses refused, inpatient use of insulin glargine, antipsychotics (as needed or scheduled), and other nonprotocol insulin, such as regular insulin. Other variables were collected as an additional means of assessing glycemic control, including inpatient administration of glucagon, glucose, or dextrose and, if applicable, reason for transfer to the ICU. In addition, each patient's first glycemic excursion (CBG <70 or >180 mg/dL) after their first within-goal CBG value was examined to evaluate appropriateness of the preceding insulin dose and time. Appropriateness was determined based on administration of insulin within 30 minutes of measured CBG at doses in concordance with the patient's insulin orders at the time of the CBG result.
CBG values were collected for each patient along with date and time of measurement. Only CBG values taken after the patient first arrived on the study unit until the patient was discharged or transferred from the study unit were included. These values were plotted on a graph versus time. Area under the curve (AUC) was calculated for each patient for total area, area above goal, within goal, and below goal. Areas were calculated in R Statistics using the trapezoidal rule. 15, 16 Figure 1 shows a representative AUC graph for an example patient. AUC analysis allows for assessment of hyperglycemic and hypoglycemic excursions without placing improper weight on outof-range values due to increased frequency of testing during periods of glycemic excursion. Area per unit time also provides a more accurate estimate of the average glucose than would a simple mean or median. 15 
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Outcomes and Statistical Analysis
The 2 primary outcomes for this study were estimated average glucose, which was determined by AUC divided by time, and percentage time within goal range. Goal range was defined as CBG between 70 and 180 mg/dL in accordance with our hospital insulin protocol and national guidelines. 9,10 Hypoglycemia was defined as CBG <70 mg/dL and hyperglycemia as CBG >180 mg/dL. Secondary outcomes included percentage time hyper-and hypoglycemic as well as estimated average glucose above, within, and below goal range. All outcomes were standardized to patient length of stay on the study unit.
Statistical analyses were conducted using IBM SPSS Statistics (IBM Corp., Armonk, NY). P values less than .05 were considered statistically significant. Baseline characteristics were compared by independent t tests for continuous variables, Pearson's chisquare analysis for categorical variables, and Fisher's exact test for variables with expected values of less than 5. Primary and secondary outcomes were analyzed by independent t tests. Tests for normality were performed to ensure the normality assumption of the independent t test was met. Covariates were identified by testing all baseline characteristics against the 2 primary outcomes using Pearson correlation for continuous variables, linear regression for binary variables, and one-way analysis of variance (ANOVA) for variables with more than 2 categories. Variables with P values less than or equal to .1 in the univariate analysis were included in the multivariate analysis. Predictors for average blood glucose and percent time within, above, and below goal were determined using multiple linear regression.
RESULTS
Of the 273 patients initially screened, 123 met our inclusion criteria. The final analysis included 69 patients in the pen group and 54 patients in the vial group. The most common reason for exclusion was transfer to the study unit from another inpatient unit (Figure 2) . Patients in the pen group had a significantly higher mean age, lower mean BMI, and greater use of as-needed antipsychotics at baseline than patients in the vial group ( Table 1) . Nonsignificant differences were noted in gender and admission blood glucose. For the population overall, the average baseline A1c was 7.9% and the mean BMI was 29.9 kg/m 2 . Our study population was diverse, with 38.2% Hispanic Whites and 12.2% Native Americans. After excluding patients who refused greater than 15% of insulin doses, no patient refused more than 2 doses of insulin and the number of patients refusing doses was similar between groups.
Results for the study outcomes are depicted in Table 2 . The mean ± standard deviation (SD) overall average glucose for pens was 160 ± 39 mg/dL compared to 158 ± 45 mg/dL for vials (P = .752). The mean ± SD percentage time within goal range was 68.2% ± 28.1% in the pen group versus 69.4% ± 31.8% in the vial group (P = .825). No significant differences existed between pen and vial groups in average glucose above, within, or below goal or in percentage time above or below goal.
The univariate analyses of baseline characteristics to determine correlation with average glucose and percentage time within goal range detected significant associations for A1c, admission blood glucose, home insulin, and inpatient glargine. These variables were subsequently incorporated in the multiple linear regression, along with variables that differed between pen and vial groups at baseline (age, BMI, gender, and as-needed antipsychotics). After accounting for these variables, P values comparing pen and vial groups remained nonsignificant for all outcomes ( Table 2) . However, there was a trend toward greater average hypoglycemic glucose in the vial group compared to the pen group (P = .069). In the same multivariate analysis, female gender, low A1c, Figure 1 . Example area under the curve (AUC) graph depicting area above goal for one patient. AUC for blood glucose values >180 mg/dL is represented by the shaded region. Average hyperglycemic glucose is calculated by dividing this AUC by the cumulative time range for values >180 mg/dL. In this case, the average hyperglycemic glucose for this patient is 219 mg/dL. and inpatient glargine were associated with more severe hypoglycemia ( Table 3) . High A1c, low BMI, and inpatient glargine were associated with more severe hyperglycemia and increased percentage time hyperglycemic.
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Glycemic Excursions
When the first glycemic excursion was examined for each patient, only 2 patients of the pen group and 4 patients of the vial group had received an inappropriate dose of insulin prior to the excursion. Only 1 patient of the pen group and 4 patients of the vial group received their dose at the inappropriate time. Doses were considered appropriate if they were given on schedule and according to the basal, mealtime, and correctional insulin ordered. Use of glucose or dextrose was required in 7 pen patients and 3 vial patients. In the pen group, 4 patients required transfer to the ICU compared to 2 patients in the vial group. Only 1 of these ICU transfers was related to glycemic control: 1 patient in the pen group was transferred due to diabetic ketoacidosis.
DISCUSSION
The results of our study suggest that no difference in glycemic control exists when insulin lispro is administered via patient-specific vials and syringes versus pen devices. Average glucose levels above, within, and below goal were similar between groups. Percentages of time above and below goal range were similar as well. Therefore, magnitude and duration of hypoglycemia and hyperglycemia did not differ between groups. The multivariate analysis revealed consistent results except for a trend toward significantly higher average hypoglycemic glucose in the vial group compared to the pen group. While this trend is not likely clinically significant, it may suggest an advantage for vials compared to pens due to milder hypoglycemia.
As expected, high A1c and inpatient insulin glargine were associated with greater hyperglycemia because patients with poorer control at baseline are likely to be more difficult to control in-hospital and are also likely to be placed on a basal insulin regimen. The inverse associations between BMI and average glucose and the positive association between BMI and time within the goal range are less intuitive. However, we hypothesize that providers may underestimate the insulin needs of patients with low BMI, resulting in greater hyperglycemia in this population. Patients on long-acting basal insulin experienced more severe hypoglycemia (lower average hypoglycemic glucose), which is a known risk of basal insulin in the hospital setting, given the frequent interruptions Insulin Vials Versus Insulin Pens of regular meals. Female gender and low A1c were also associated with more severe hypoglycemia, possibly indicating a need to exercise caution in these individuals. In previous studies, female gender and baseline A1c have been shown to correlate with poor inpatient glycemic control. 17, 18 Hospitals use various strategies to administer insulin and achieve glycemic control in inpatients. Some hospitals have elected to provide insulin to inpatients via multidose pen devices because the pens allow for convenient insulin administration and dosage measurement. However, serious risk exists if pens are inadvertently used for more than one patient.
Multiple studies have documented that biologic materials can travel through the needle to the pen cartridge and be delivered during subsequent uses. [11] [12] [13] Thus, the Centers for Disease Control and Prevention (CDC) and the US Food and Drug Administration (FDA) have recommended against sharing pen devices between patients due to the risk of transmitting bloodborne pathogens, even when different needles are used. 19, 20 The Centers for Medicare & Medicaid Services (CMS) considers sharing of insulin pens to be equivalent to the re-use of needles or syringes in regard to citations. 21 Despite these warnings, patients continue to be at risk of exposure as Insulin Vials Versus Insulin Pens demonstrated by at least 5 events resulting in patient notification of possible exposure to bloodborne pathogens through insulin pen sharing since the beginning of 2013. [22] [23] [24] [25] [26] Because of the risk of inadvertent sharing of insulin pens, the ISMP urges hospitals not to use insulin pens routinely for inpatient insulin administration. 14 However, the ISMP does acknowledge a role for pen use in training patients for home insulin use upon discharge. The American Society of Health-System Pharmacists recently convened an expert panel that considered the use of insulin pen devices for inpatients to be safe contingent upon appropriate policies, procedures, and staff education to prevent use of a single pen on multiple patients. 27 In light of ISMP recommendations, concerns have been raised that the use of insulin vials and syringes may adversely affect inpatient glycemic control compared to the use of insulin pens. For example, nurses may be more prone to error in drawing up the correct dose when using insulin syringes and vials. Studies have shown that doses from insulin pens may be more accurate than insulin syringes, especially at doses of 5 units or less. 28 Theoretically, these differences may result in increased hyperglycemia and/or hypoglycemia with insulin vials compared to pens. Additionally, insulin administration via syringe and vial may require more time and effort from nurses, resulting in delayed or neglected administration of correctional insulin doses.
However, insulin pens have drawbacks as well. Insulin pens must be primed before each use. In addition, depending on the specific product, the pen needle must be left in place for 5 to 10 seconds to ensure delivery of the entire dose. [29] [30] [31] Due to difficulty depressing the pen plunger, pens may accidentally be withdrawn from the skin during the injection, resulting in leakage of a portion of the dose onto the skin surface. 32 Thus pens may be prone to errors in injection technique, leading to insufficient dosing and hyperglycemia.
Hospitals also must consider cost when deciding between insulin formulations. Pens have the advantage of being sent home with patients upon discharge when appropriate, which may decrease waste. Each Insulin Vials Versus Insulin Pens pen cartridge contains 3 mL of insulin at 100 units per mL. Depending on the product, some insulin vials may be available in 3 mL vials in addition to 10 mL vials, both at concentrations of 100 units per mL. Our institution's acquisition cost for insulin lispro is roughly $13.30 per 3 mL vial, compared to about $16.60 per 3 mL pen. Based on quantities of product ordered for the entire hospital during the 4-month study periods, we estimate an annual savings of $15,000 with vials given the above acquisition costs. Therefore, inpatient insulin administration via vials may constitute a more economical choice compared to pens. However, it should be noted that our study was not designed to provide pharmacoeconomic analyses.
Our study is limited by its retrospective design, which restricts our ability to control for confounding variables. For example, differences in nursing staff between groups could result in variability in insulin administration practices. Although the insulin protocol remained constant, differences in medical residents comprising the medicine service may have caused variations in glycemic management strategies. Our study did not control for some medications that may exert a chronic effect on glycemic control, such as antiretroviral agents. However, these medications are unlikely to exert an effect on acute inpatient control. Overall, we must assume that patients in both groups provide a representative sample of type 2 diabetic general medical patients and have similar characteristics. Generalizability is limited by the single-center design. Moreover, the small study population led to wide standard deviations and decreased power to detect significant differences between groups. However, based on statistical power estimations for the average glucose values ± SD obtained in this study (pens: 160 ± 39; vials: 158 ± 45), an estimated 400 patients in each group would be required to achieve a power of 80%. Given the small differences between groups, our conclusions would likely not change if the study were extended to a larger population. Finally, the retrospective nature, small sample size, and lack of follow-up prevented analysis of clinical outcomes such as infection, length of stay, and mortality. Although mortality was not analyzed, a previous study has shown an association between AUC-estimated average glucose and mortality in patients hospitalized for acute myocardial infarction. 33 Despite both theoretical and documented differences between insulin vials and pens, our data suggest that glycemic control is not likely to differ based on use of insulin pen devices versus vials and syringes in an inpatient setting. Given the recommendation from the ISMP to avoid routine administration of insulin to inpatients with pen devices, we hope that hospitals currently using pen devices will be encouraged to transition to vials and syringes for improved patient safety.
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